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INTRODUCTION 
Agriculture in the Midwest is faced by many problems 
associated with intensive land use. Erosion of the soil 
base and subsequent degradation of water quality, health and 
environmental concern over the widespread use of inorganic 
chemicals, fuel and agri-chemical costs and availability, 
and the current surplus of stored grain are all important 
issues that need to be addressed. In response to these 
pressures, agricultural land use and practices are changing. 
A report by the National Research Council (McCorkle and 
Halver 1982) examines emerging agricultural trends and their 
potential impacts on agricultural environments. 
Conservation tillage practices that leave more crop residue 
and lower rates of erosion have been slowly gaining 
acceptance. These practices also allow waste grain and weed 
seeds to remain available on the field surface. However, 
reduced tillage may result in greater use of chemical 
pesticides. Improvements in harvest technology will reduce 
waste grain abundance. Larger farms will continue to be 
single crop operations, with large monotypic fields of corn 
(Zea mays), soybeans (Glycine max), and wheat (Triticum 
aestivum), however diversification of some small farms 
should locally increase habitat diversity adding legume hay, 
pasture, and small grain acreages. One diversified system 
of agriculture that has attracted increased attention is 
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organic farming. In addition to increased land-use 
diversity, organic farming avoids or largely excludes the 
use of synthetically compounded chemicals (USDA 1980), and 
in lieu of herbicides relies on increased cultivation to 
control weeds. 
To assess the effects of changes in farming practices 
on resident birds, knowledge of habitat relationships in 
these agricultural environments is needed. Few studies have 
been conducted on nongame birds using agricultural habitats, 
however this area has recently attracted increased 
attention. 
Several researchers have noted the importance of crop 
residue to bird species nesting in rowcrop habitats. 
Rodenhouse (1981) found that early spring nests of the 
vesper sparrow (Pooecetes gramineus) typically were placed 
in corn stubble fields with hIgh amounts of litter. 
Nesting densities of the killdeer (Charadrius vociferus), 
vesper sparrow, and western meadowlark (Sturnella neglecta), 
were positively related to amounts of crop litter on study 
fields in Adair County, Iowa (Nancy Basore, Graduate 
Student, Department of Animal Ecology, Iowa State Univ., 
pers. commun.). Shorebirds (Higgins 1975) and waterfowl 
(Cowan 1982) also nest at higher densities in fields with 
high amounts of residual stubble. 
Most studies dealing with nongame bird consumption of 
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agricultural grain have been directed at the problem of 
grain depredations by blackbird flocks (Stone 1980, 
Woronecki et al. 1981, Gartshore et al. 1982a). However, 
corn consumed as waste grain during the breeding season may 
be a valuable food item for several nongame bird species, 
and this usc does not conflict with efficient crop 
production. Species documented to use waste corn during the 
breeding season include the red-winged blackbird (Agelaius 
phoeniceus) (Mott et al. 1972, McNicol et al. 1979) and 
mourning dove (Zenaida macroura) (Korschgen 1958). 
Researchers working in agricultural areas have 
frequently reported higher nongame bird populations in areas 
of high land-use diversity. Klomp (1954) observed that the 
lapwing (Vanellus vanellus) bred only on the periphery of 
large arable complexes, and J. Wilson (1978) found that 
oystercatchers (Haematopus ostralegus), ringed plovers 
(Charadrius hiaticula), and lapwings nested at densities 3 
to 6 times higher in areas with a mix of cultivated and 
grassland habitats. The practice of strip-cropping corn and 
alfalfa (Medicago sativa) increased breeding densities of 
several sparrow species on a study area in Ohio (Dambach and 
Good 1940). Large-scale reductions in the habitat diversity 
of agricultural areas are accompanied by decreases in game 
species populations (Vance 1976, Taylor et al. 1978). Vance 
(1976) found that concomitant with increased cash-grain 
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farming, field size more than doubled with a corresponding 
decrease in fencerows. Over this same period, prairie 
chickens (Tympanuchus cupido) were extirpated and bobwhite 
quail (Colinus virginianus) declined by 78 percent. 
The objectives of this study were (1) to examine how 
breeding season nonga.ne bird use of rowcrop fields is 
affected by field habitat factors (e.g., percent litter 
cover and waste corn abundance), and the proximity of non-
cultivated habitats, and (2) to determine the impact of 
various farming practices, particularly those associated 
with organic agriculture, on habitat factors important to 
nongame birds. 
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METHODS 
Study Sltes 
The study was conducted in Warren County, south-central 
Iowa. The topography of this region is variable with slopes 
rangillg from 0 to 18 percent. Much of the county is rolljng 
and well-suited for permanent pasture or a diversified 
farming system employing legume hay rotations. Other areas 
are flat and are dominated by cash grain operations (USDA 
1978). Land use in the county is approximately 57 percent 
rowcrop, 22 percent pasture and hay, and 8 percent timber, 
with the remainder in road, urban, farmstead, and other 
uses. In 1982, minimum or no-till practices were employed 
on about 60 percent of the county's rowcrop acreage (Scott 
Huso, District Conservationist, Warren County, Iowa, pers. 
commun.). 
Warren County was chosen as the study area because of 
the presence of several organic farms. In 1981, study 
fields were selected based on crop type and whether the 
fields were managed organically or conventionally. However, 
after 1981 it was obvious that the practices of organic 
farmers in the area were not well-defined or consistent, and 
aside from differences in chemical usage, the management of 
these fields was not distinct from that of conventionally 
managed fields. For this reason, study fields in 1982 were 
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selected based on crop type, crop stubble type, fall tillage 
level, and whether or not a herbicide was applied. 
Study fields had to be large enough so that a 100- by 
200-m plot could be located within their confines, and field 
size ranged from 5 to 18 ha, with a mean of approximately 8 
ha. Whenever ~ossible, grassed waterways were excluded from 
the study plots. In all, 54 rowcrop fields were selected 
for study: 30 corn stubble, 16 soybean stubble, 7 alfalfa 
stubble, and 1 wheat stubble. The sample of alfalfa stubble 
fields was small because few were available. The soybean 
stubble sample was small in 1981 (N = 3) because field 
selection that year was based primarily on the crop to be 
planted. To provide some reference as to the value of 
rowcrop habitats, 17 (5 in 1981 and 12 in 1982) pasture and 
alfalfa fields were also censused. 
Field Methods 
Relative abundances of bird species using the study 
fields were estimated by making repeated counts on the 100-
by 200-m study plots. This small plot size was necessary 
because of the small average size of rowcrop fields in the 
study area. To compensate for the small plot size, I made 
repeated counts on a large number of study plots. 
Fields were sampled by walking lengthwise through the 
center of the study plot at varied times between 0530 and 
7 
0900 hours from mid-April through early June. Each study 
field was counted an average of 8 (range 7-12) times. 
Counts were not made on days when wind exceeded 20 km/hour 
or sUbstantial rain was falling. Species relative abundance 
values were calculated as the mean number of birds per 
census. 
Percent litter cover and weed seed density were 
measured in 1982 only, with samples taken prior to spring 
cultivation. Sample points for both measures were 
systematically located on 3 transects which ran lengthwise 
through the study plots. The central transect bisected the 
100-m wide plots, and the 2 remaining transects were located 
30 m to either side. Percent litter cover was estimated 
using the photographic technique described by Sloneker and 
Moldenhauer (1977). A single slide photo was taken at the 
50-, 100-, and 150-m positlons along each of the 3 
transects, for a total of 9 samples per study plot. 
Weed seed density was estimated using a 46.5 cm 2 soil 
core sampler, inserted to a depth of 1.25 cm; 15 samples 
were taken on each study plot. Sample poin~s were located 
at 50-m intervals along each transect. Samples from each 
field were pooled and seeds were enumerated using the method 
described by Malone (1967: 381), "The procedure requires a 
solution of 10 g of sodium hexametaphosphate (Calgon), 5 g 
of sodium bicarbonate (baking soda), and 25 g of magnesium 
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sulphate (Epsom salts) dissolved in 200 ml of tap water for 
each 100 g of soil." The soil sample was introduced to the 
solution and the mixture thoroughly agitated for about 2 
minutes. Organic matter, including seeds, floated to the 
surface and were then decanted from the solution. This 
procedure was repeated about 3 times until all organic 
matter was recovered, and weed seeds were then picked from 
the sample and counted. 
Estimates of waste corn abundance were made shortly 
after crop emergence on all 1982 corn stubble fields. Waste 
corn was sampled by walking down crop rows and counting 
grain in the immediate row and in one row to either side. 
Because grain abundance was variable and fields either had 
no waste corn, a small amount, or a great deal, they were 
assigned a value of 0, I, or 2 for this variable. 
To examine the influence of proximal habitats, the 
distance was measured from the study plots to various 
classes of non-rowcrop cover. Habitat classes included 
woods, miscellaneous woody, brushy, pasture, alfalfa 
hayfield, and miscellaneous herbaceous. Wooded tracts 0.25 
ha or larger were classed as woods. Single or small groups 
of trees occurring in fencerows, pastures, or farmstead 
windbreaks were classed as miscellaneous woody. Small woody 
vegetation « 3 m tall) in roadside ditches, fencerows, or 
woody drainages was classed as brush. The pasture category 
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included any pastured land (largely bluegrass, Poa 
pratensis) 0.25 ha or larger that was devoid of trees or 
other substantial woody vegetation. Alfalfa haylands were 
defined as periodically mowed alfalfa or alfalfa-grass 
fields of 0.25 ha or larger. Miscellaneous herbaceous areas 
included roadsides, fenccrows, waterways, or any other 
herbaceous cover that were not pasture or hay. For data 
analysis, 2 additional proximity variables were created: 
the combined-herbaceous variable included both pasture and 
alfalfa hayland and the visual-barrier variable was measured 
using woods, woody fencerows, and farmsteads. 
Aerial photos of the study sites were ground-truthed to 
determine the character and position of each habitat patch, 
and these photos then were used to measure habitat 
proximity. For each field, 5 points were located at 50-m 
intervals along each 200-m side of the study plots. The 
distance from each point to the closest tract of each 
habitat class was measured, and the mean value of the 10 
measures represented the value for that habitat. For the 
visual-barrier class, the distance from plot center to 
visual barriers (> 3 m in height) was measured in 8 
directions. An upper limit of 400 m was set for the 
measurement in the individual octets, and the mean of the 8 
measurements was used in the analysis. 
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RESULTS 
Field Management--Impacts on Habitat 
Because this work was conducted in early spring, the 
crop stubble was a major determinant of field habitat, and 
the crop to be planted was relativ~ly unimportant. The 3 
crop stubbles differed in physical features which may be of 
importance to nongame birds. Corn stubble was robust, 
composed of large individual pieces, and often had 
considerable vertical dimension. Soybean and alfalfa-hay 
stubbles were much finer and had minimal depth. Depending 
on the level of fall tillage, some live vegetation often was 
present in alfalfa stubble fields. If seedbed preparation 
was delayed, as it was in 1982, the alfalfa often achieved 
some regrowth and resembled a sparse grassland. The 3 
stubbles may have differed in other factors that may have 
been important to nongame birds. Waste grain was, of 
course, specific to a particular crop stubble. 
Additionally, insect populations characteristic of the 3 
stubbles may have differed in size and (or) composition. 
Percent litter cover of corn and soybean stubble fields 
were not significantly different (Table 1), although the 
volume of corn stubble was much greater than that of soybean 
stubble. Measurements of percent litter were not taken in 
alfalfa stubble fields because the vegetative matter in 
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these fields was typically living and therefore not 
comparable to the residue of corn or soybean stubble fields. 
TABLE 1. Percent litter cover by crop stubble type and fall 
tillage practice. Numbers of fields sampled are 
in parentheses 
Species 
Corn 
Soybean 
None 
63 Al 
(13) 
61 A 
( 7 ) 
Fall tillage 
Chisel 
plow 
31 B 
(4, ) 
21 B 
(6 ) 
Moldboard 
plow 
2 C 
(2) 
lMeans sharing a letter were not significantly 
different, ~ < 0.05, least square means procedure, 
Helwig and Council 1979. 
Fall tillage affected field habitat in several ways, 
the most obvious being the covering and mulching of crop 
residues. Litter levels for the fall tillage treatments 
(none, chisel, or moldboard plow) were significantly 
different (Table 1). Because of the structural fineness of 
soybean and alfalfa stubbles, seedbed preparation typically 
resulted in low litter levels in these fields. Increased 
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levels of fall tillage were negatively correlated with weed 
seed density (r = -0.33, P < O.OS), however differences 
- -
between the 3 tillage treatments were not significant (Table 
2), probably because of small sample sizes. Tillage also 
would be expected to decrease waste grain amounts, but this 
relationship was not clear because the amount of ~Taste grain 
is highly dependent on several other factors including 
combine type, insect infestations (Jugenheimer 1976), and 
grain moisture at harvest (Baldassarre et al. 1983). 
TABLE 2. Mean number of weed seeds per m2 by herbicide use 
and fall tillage practice. Numbers of fields 
sampled are in parentheses 
Herbicide usage 
No 
Yes 
None 
5438 Al 
(9) 
1482 B 
(13) 
Fall tillage 
Chisel 
plow 
3912 A 
(3) 
850 B 
( 9 ) 
Moldboard 
plow 
494 B 
( 2 ) 
lMeans sharing a letter were not significantly 
different, P < 0.05, least square means procedure, 
Helwig and Council 1979. 
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The application of herbicides provided the only 
consistent difference between the habitat of organically and 
conventionally managed fields. Use of herbicides had a 
significant negative impact on weed seed density (Table 2). 
The timing of field operations was influenced by both 
weatheL and the type of crop planted (Table 3). On the 
average, first spring tillage in corn fields occurred 9 and 
4 days earlier than in soybean fields in 1981 and 1982, 
respectively. Subsequent crop emergence in corn fields was 
12 days earlier than in soybean fields ln 1981, and 15 days 
earlier than in soybean fields in 1982. These relationships 
are important when considered in the context of the crop 
stubble effects. Corn typically was planted into soybean 
stubble, and soybeans were planted into corn stubble. 
Therefore, on the average, soybean stubble fields were 
tilled and planted at an earlier date than corn stubble 
fields. Differences in spring weather between the 2 years 
is reflected in the dates of first tillage and crop 
emergence. In 1981, spring weather was ideal for field 
work, and operations began early and progressed smoothly to 
planting. However, in 1982, continual rains caused lengthy 
delays in seedbed preparation, allowing rowcrop habitat to 
remain relatively undisturbed until later in the spring. 
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TABLE 3. Dates of first tillage and crop emergence. 
Crop 
Corn 
Soybean 
Numbers of fields sampled are in parentheses 
Yea.L 
1981 
(8 ) 
1982 
(20) 
1981 
(9) 
1982 
(17) 
First spring 
tillage 
x 
April 25 
May 10 
May 4 
May 14 
SD 
(days) 
4 
11 
8 
20 
Crop 
emergence 
x 
May 15 
June 6 
May 27 
June 21 
SD 
(days) 
6 
13 
3 
4 
Habitat Relationships of Bird Species 
Bird populations using the rowcrop fields were highly 
variable and typically low in both species richness and 
total numbers. Twenty-seven species were sighted on the 
study plots during the 2 field seasons (Appendix Table A.1). 
Eight of the species were sighted frequently enough to allow 
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statistical analysis of their habitat relationships. The 
horned lark (Eremophila alpestris), killdeer, vesper 
sparrow, and western meadowlark are ground-nesters and have 
been reported to nest in rowcrop fields. The red-winged 
blackbird, American robin (Turdus migratorius), and red-
headed woodpecker (Melanelpes erythrocephalus) usually nest 
in elevated sites, and the brown-headed cowbird (Molothrus 
ater) is a nest parasite. Of these species, the western 
meadowlark and red-headed woodpecker were not lncluded in 
correlation analyses because of their generally low 
abundance. 
Levels of bird use on the rowcrop plots were noticeably 
different in the 2 study years (Table 4). Fourteen bird 
species were sighted on rowcrop plots in the 1981 field 
season, compared to 27 species in 1982. For the more common 
species, use between years was significantly different only 
for the American robin, however use levels of all species 
with the exception of the horned lark and killdeer were 
higher in 1982. The total mean relative abundance of all 
species (0.33 birds/census in 1981 and 2.32 in 1982), and 
mean species richness per field (1.82 species/field in 1981 
and 6.16 in 1982), were higher in 1982 (f > F = 0.0001 and 
0.001 respectively). 
The relative abundances of ground-nesting species were 
compared between rowcrop and herbaceous plots to provide 
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TABLE 4. Relative abundance of bird species (mean 
birds/census) in rowcrop and herbaceous habitats 1 
------------------------------------------------------------
Species Year Rowcrop Herbaceous P > F2 
------------------------------------------------------------
Horned 1981 0.42 0.17 0.550 
lark 1982 0.33 0.06 0.030 
Killdeer 1981 0.20 0 0.430 
1982 0.20 0.05 0.120 
Vesper 1981 0.12 0.25 0.150 
sparrow 1982 0.27 0.20 0.570 
Western 1981 0.01 0.29 0.009 
meadowlark 1982 0.06 0.18 0.015 
Red-winged 1981 0.25 0.77 0.120 
blackbird 1982 0.47 0.42 0.830 
American 1981 0.02 0 0.350 
robin 1982 0.13 0.13 0.750 
Red-headed 1981 0 0 0 
woodpecker 1982 0.06 0 0.140 
Brown-headed 1981 0.07 0.31 0.070 
cowbird 1982 0.17 0.18 0.970 
lNumbers of fields censused were 18 rowcrop and 5 
herbaceous in 1981, and 36 rowcrop and 12 herbaceous in 1982. 
2Least square means procedure, Helwig and Council 1979. 
some indication of nesting habitat preferences. Relative 
differences in the use of rowcrop and herbaceous plots by 
these species were consistent between the 2 years (Table 4). 
The horned lark and killdeer were more common on rowcrop 
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than on herbaceous plots in both years, but the difference 
was significant only for the horned lark in 1982. Horned 
lark and killdeer use of herbaceous plots was restricted 
largely to early spring. The horned lark was not sighted on 
pasture or alfalfa plots after May 5, and the killdeer used 
these habitats infrequently after this date. The western 
meadowlark's use of herbaceous plots was significantly 
higher than use of rowcrop plots in both years. 
Levels of use on rowcrop and herbaceous plots were not 
significantly different for the non-ground-nesting red-
winged blackbird, American robin, and red-headed woodpecker, 
or for the brown-headed cowbird. 
The vesper sparrow was the only ground-nesting species 
that used the 3 crop stubbles at significantly different 
levels in either year (Table 5). In 1982, the vesper 
sparrow was more common on alfalfa stubble plots than on 
plots of the other 2 stubble types. In 1981 however, the 
vesper sparrow used the 3 crop stubbles at similar levels. 
The brown-headed cowbird's use of the 3 stubble types 
paralleled that of the vesper sparrow. The red-winged 
blackbird and red-headed woodpecker used corn stubble at 
higher levels than soybean stubble. Except for a single 
sighting on hay stubble, the red-headed woodpecker occurred 
only on corn stubble plots during the 1982 field season. 
The American robin and several less common species including 
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the mourning dove and common grackle (Quiscalus guiscula), 
were more abundant on corn stubble plots than on plots of 
the other stubble types. Differences in total bird 
abundance and species richness between the 2 years were 
mainly due to greater use of corn stubble fields in 1982 (~ 
< 0.05, and P <0.05, respectivLly). Between-year 
differences in use of soybean stubble were not significant 
but the small sample of soybean stubble fields in 1981 makes 
the comparison tenuous. 
Two ground-nesting species were significantly 
correlated with percent litter cover, but field use by non-
ground-nesters and the brown-headed cowbird was not related 
to this habitat factor (Table 6). The relative abundance of 
the killdeer was strongly correlated with percent litter 
cover in soybean stubble fields, and weakly related (P = 
0.14) with this variable in corn stubble. Vesper sparrow 
relative abundance was significantly correlated with percent 
litter cover in corn stubble. 
Relative abundance of the red-winged blackbird and 
brown-headed cowbird were related to food resource factors 
(Table 6). Field use by the red-winged blackbird was 
strongly correlated with waste corn abundance, and that of 
the brown-headed cowbird was highly correlated with weed 
seed density. The ground-nesting species exhibited no 
significant relationships with these 2 factors. 
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TABLE 5. Relative abundance of bird species (mean 
birds/census) by crop stubble type 1 
Species 
Horned 
lark 
Killdeer 
Vesper 
sparrow 
Western 
meadowlark 
Red-winged 
blackbird 
American 
robin 
Red-headed 
woodpecker 
Brown-headed 
cowbird 
Year 
1981 
1982 
1981 
1982 
1981 
1982 
1981 
1982 
1981 
1982 
1981 
1982 
1981 
1982 
1981 
1982 
Corn 
0.05 
0.31 A2. 
0.41 
0.27 A 
0.10 
0.22 A 
o 
0.05 A 
0.44 
0.82 A 
0.02 
0.18 A 
o 
0.13 A 
0.05 
0.15 A 
Soybean 
1.24 
0.43 A 
o 
0.20 A 
0.14 
0.17 A 
o 
0.06 A 
0.05 
0.15 B 
o 
0.05 A 
o 
o B 
0.05 
0.10 A 
Alfalfa 
0.91 
0.13 A 
0.09 
o A 
0.19 
0.93 B 
o 
0.10 A 
0.23 
0.25 AB 
o 
0.16 A 
o 
0.03 AB 
0.24 
0.59 B 
lNumbers of fields sampled were 11 and 17 corn stubble, 
3 and 13 soybean stubble, and 3 and 4 alfalfa stubble in 1981 
and 1982, respectively. 
2Comparisons were made horizontally within species. 
Means sharing a letter were not significantly different, 
P < 0.05, least square means procedure, Helwig and 
Council 1979. 
The intercorrelation of habitat factors is probably 
responsible for several of the positive though non-
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TABLE 6. Correlation coefficients (£) between bird species 
relative abundance (mean birds/census) and rowcrop 
habitat factors. Numbers of fields sampled are in 
parentheses 
Percent litter cover 
Species 
Horned 
lark 
Killdeer 
Vesper 
sparrow 
Red-winged 
blackbird 
American 
robin 
Brown-headed 
cowbird 
Corn .. 
stubble 
(19) 
0.27 
0.35 
0.52* 
0.37 
0.36 
0.35 
*p < 0.05. 
**p < O.Ol. 
***p < 0.001. 
Soybean 
stubble 
(13) 
-0.06 
0.63* 
0.14 
-0.27 
-0.32 
-0.03 
Waste corn 
abundance 
(19) 
0.13 
0.40 
0.31 
0.60** 
0.34 
0.16 
Weed seed 
density 
(36) 
0.07 
0.15 
0.26 
-0.08 
-0.05 
0.55*** 
significant correlations (Table 6). Percent litter cover 
was significantly correlated with both waste corn abundance 
(~ = 0.68, f = 0.001, ~ = 19) and weed seed density (~ = 
0.44, P = 0.01, N = 32). 
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The correlations between relative abundance of bird 
species and the proximity of non-cultlvated habltats were 
similar for the 2 study years, therefore the data were 
combined to increase sample size. Use by several species 
was correlated with the proximity of non-cultivated habitats 
(Table 7). Killdeer use of row~rop fields increased 
significantly as the distance to pasture decreased. The 
vesper sparrow was similarly influenced by the proximity of 
alfalfa fields, however use by this species unexpectedly 
decreased with closer proximity of pasture. When the 2 
herbaceous classes were combined (combined herbaceous) the 
correlation with vesper sparrow abundance approached 
significance (E = -0.24, ~ = 0.08). The brown-headed 
cowbird, like the vesper sparrow, exhibited a marginally 
significant attraction to alfalfa habitats, but not to 
pasture. Rowcrop field use by the American robin was 
correlated with closer proximity of alfalfa fields and large 
herbaceous fields in general (r = -0.045, P = 0.006). 
- -
The horned lark and vesper sparrow were the only 
species that were correlated with the proximity of woody 
habitats (Table 7). Horned lark use of rowcrop fields 
increased as the distance to woody habitats increased. In 
1982, vesper sparrow abundance increased as the distance to 
woodlots decreased (E = -0.38, ~ = 0.02, ~ = 36), but in 
1981 this relationship was not evident (E = 0.02, N = 18). 
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TABLE 7. Correlation coefficients (£) between bird species 
relative abundance (mean birds/census) and the 
proximity of non-cultivated habitats. Sample size 
was 54 fields 
Habitat type 
Spf>cies Pasture Alfalfa Brushy Woods 
---------------------------------------- .-------------------
Horned 
lark 
Killdeer 
Vesper 
sparrow 
Red-winged 
blackbird 
American 
robin 
Brovm-headed 
cowbird 
*p < 0.05. 
**p < O.Ol. 
***p < 0.001. 
-0.08 
-0.36** 
0.22 
-0.20 
-0.04 
0.03 
-0.19 0.45*** 0.42*** 
-0.08 0.06 0.09 
-0.31* -0.22 -0.30* 
-0.03 -0.14 -0.06 
-0.33* -0.01 -0.03 
-0.27* -0.13 -0.10 
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DISCUSSION 
Ground-nesting Bird Use of Rowcrop and Herbaceous Habitats 
Graber and Graber (1963) considered the horned lark, 
killdeer, and vesper sparrow to be the only species that 
commonly nest in rowcrop habitat. Potential reasons for 
nesting in rowcrop rather than in herbaceous habitats have 
been proposed by several researchers. Klomp (1954) noted 
that the body structure and mode of locomotion of the 
lapwing and other shorebird species are adapted to barren 
habitats, and therefore well suited to rowcrop fields. 
Pickwell (1942) and Heppleston (1972) felt that the loose 
soil of rowcrop fields may facilitate nest excavation. The 
coloration of rowcrop fields may also afford crypticity to 
the nest and incubating parents of open-nesting species 
(Klomp 1954). 
The horned lark, killdeer, and vesper sparrow were the 
most common ground-nesting species on the rowcrop study 
plots. These species traditionally breed in low, sparse, or 
disturbed grassland habitats. A fourth ground-nester, the 
western meadowlark, was common in the study area but 
relatively uncommon on rowcrop fields. One factor that may 
influence these species' use of rowcrop fields is the 
availability of alternate nesting cover. Comparisons of 
species use of rowcrop and herbaceous fields, along with 
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observations of territorial or breeding behavior provide 
some indication of breeding habitat preferences. 
The horned lark is widely believed to nest in rowcrop 
fields (Dubois 1935, Pickwell 1942, Graber and Graber 1963, 
Owens and Myres 1973), although actual reports of it nesting 
in this habitat are uncommon (Dubois 1935, Pickwell 1942). 
Higgins (1975), Mace (1978), and Basore (pers. commun.) 
have observed killdeer nests in rowcrop habitat. Rowcrop 
fields constituted only 29 percent of Higgins' (1975) study 
area, but 61 percent of the killdeer nests were found in 
this habitat. Both the horned lark and killdeer were more 
common in rowcrop than in herbaceous habitat on my study 
area. Most sightings of these species in herbaceous 
habitats occurred very early in the spring. Horned lark and 
killdeer preference for rowcrop habitats also is indicated 
by several other observations. Incidental to censusing, I 
located 3 horned lark nests in rowcrop fields. Killdeer 
were never observed to engage in nest distraction behavior 
on herbaceous plots, but they did so frequently on rowcrop 
fields. Additionally, the horned lark and killdeer were the 
only species that did not use rowcrop fields at lower levels 
in 1981 than in 1982. Despite seemingly poor habitat 
conditions, these species used rowcrop at much higher levels 
than herbaceous in 1981. In early spring, the short 
vegetation of hayfields and pastures may have been suitable 
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nesting habitat for these 2 species, but once the vegetation 
grew, these habitats received little use. Vegetative growth 
has been observed to cause territory abandonment by the 
horned lark (Pickwell 1942) and by several other barren-
ground-nesters including the lapwing (Klomp 1954, J. Wilson 
1978) and the ringed plover (J. Wilson 1978). 
The vesper sparrow is flexible in its choice of nesting 
habitat, and reports of this species nesting in rowcrop 
fields are common (George 1952, Rodenhouse 1981, Basore 
pers. commun.). Rodenhouse's study area was intensively 
rowcropped, however the study areas of George and Basore had 
substantial acreages of grassland habitat available for 
nesting. The vesper sparrow used rowcrop and herbaceous 
fields at similar levels in 1982, however in 1981 this 
species used hayfields more heavily than rowcrops. The 
early tillage operations and resultant loss of litter in 
1981 probably made rowcrop habitat less attractive ln that 
year. It seemed that the vesper sparrow used rowcrop 
habitats at levels commensurate with the quality of habitat 
(residue amounts) they afforded. When rowcrop habitat was 
"good" (high litter), the vesper sparrow used rowcrop and 
herbaceous habitats at similar levels, but when rowcrop 
habitat was "poor" (low litter), it was used at relatively 
low levels. 
Basore (pers. commun.) recorded western meadowlarks 
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nesting in no-till cropfields (mostly alfalfa stubble 
treated with paraquat), however this farming practice leaves 
substantially more crop litter than the conventional tillage 
practices used on my study fields. The meadowlark used 
rowcrop at low levels, and in both years was significantly 
more abundant on hp.rbaceous plots. This species is not 
commonly known to nest in rowcrop habitat, and it probably 
does so only when very high litter levels are available. 
The meadowlark's lower use of rowcrop fields in 1981 is 
probably a reflection of the low litter levels in that year. 
Influence of Rowcrop Habitat Factors 
Ground-nesters 
Cover Characteristics When territory selection 
begins in early spring, the crop stubble and level of 
tillage in the previous fall are the major determinants of 
rowcrop field habitat. In this study, I examined 2 
characteristics of crop residues potentially important to 
ground-nesting birds that breed in rowcrop habitat. These 
factors, crop stubble type and crop litter amounts, are not 
independent. Habitat selection based on structural 
differences of crop stubble types has not been reported 
although Rodenhouse (1981) observed selection by the vesper 
sparrow that may have been attributable to this factor. 
Positive correlations between breeding bird densities and 
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amounts of crop litter have been reported by several 
researchers (Higgins 1975, Cowan 1982, Rodenhouse 1981). 
Depending on the timing of spring field operations, the 
differences in rowcrop habitats due to these stubble factors 
are potentially important to birds nesting in these 
habitats. Spring tillages rAduced litter cover and resulted 
in more homogeneous field habitats. Delays in field 
operations are important in determining the density and 
success of birds breeding in rowcrop habitats (Higgins 
1975). 
Because the horned lark breeds in early spring, it 
probably selects nest sites on the basis of early field 
habitat. The horned lark's preference for barren areas 
(Pickwell 1942) may have been important in its reduced use 
of hay stubble fields in 1982. In that year, 2 of the 4 hay 
stubble plots were not fall plowed and they retained 
undisturbed hay cover until approximately May 1. The other 
2 fields of this type were chisel-plowed the previous fall 
and supported sparse vegetation throughout early spring. 
Horr.ed lark use of 1 hay stubble field increased after it 
was moldboard-plowed on May 8. Horned lark sightings were 
rare (1 bird in 27 counts) on the other 3 fields. In 1981, 
when all hay stubble fields had been tilled the previous 
fall and spring operations destroyed most of the residual 
vegetation early, horned larks used this habitat at 
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relatively high levels. 
The horned lark used soybean stubble at higher levels 
than corn stubble in both study years, especially early in 
the spring. Use of corn stubble fields increased after 
these fields were tilled, although this trend cannot be 
separated from the overall increase in horned lark abundance 
over this period. Six corn stubble fields that remained 
untilled until midway through the 1982 census period 
received no use prior to tillage. Soybean stubble fields 
typically are planted to corn, and tillage of these fields 
usually occurs 10 days to 2 weeks earlier than that of corn 
stubble. Tillage may make fields more attractive to the 
horned lark by facilitating nest excavation (Pickwell 1942) 
and (or) increasing food accessibility. 
In addition to its apparent preference for tilled soil, 
the horned lark was the only ground-nesting species to 
regularly use moldboard-plowed fields. Use was not 
correlated with percent litter cover, and unlike other 
ground-nesters, the horned lark was not attracted to high 
litter amounts. 
The killdeer was sighted on hay stubble fields only 
once during the 2 study years. Killdeer prefer barren sites 
(Ryder 1980), and the persistent vegetation on hay stubble 
fields in 1982 may have been unattractive to them. In 1981, 
hay stubble fields were devoid of live vegetation from an 
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early date, but the killdeer did not use these habitats. 
Killdeer abundance was significantly correlated with percent 
litter cover in corn and soybean stubble. Alfalfa stubble 
degrades rapidly under tillage, and the low litter levels 
that characterized these fields in early 1981 may have 
provided insufflcient nesting cover for the killdeer. 
The killdeer was attracted to fields with high litter 
cover, however this species does not use habitat structure 
to physically conceal its nest. Townsend (1929) observed 
that "the killdeer's eggs are never hidden", and presumably 
this species relies on cryptic coloration for nest 
concealment. Nest-site selection by the lapwing, an open-
nesting species, apparently is related to the crypticity of 
the habitat for eggs and young (Klomp 1954). Because it is 
lighter in color, corn stubble may produce a more mottled 
soil surface than soybean stubble. Corn stubble is also 
structurally stronger than soybean stubble, and greater 
amounts of litter remain in corn stubble fields after 
tillage. Because of 1 or both of these factors, corn 
stubble may be more cryptic than soybean stubble for the 
killdeer. In 1981, when early tillage resulted in low 
litter levels on most of the study fields, killdeer were 
observed in corn stubble fields only. 
The vesper sparrow frequently breeds in thinly 
vegetated grasslands (George 1952, Berger 1968). In 1982, 
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the vesper sparrow used alfalfa stubble fields at high 
levels, probably because of the sparse grassland character 
of these habitats in that year. In 1981, when alfalfa 
stubble fields did not resemble sparse grasslands, vesper 
sparrow use was not significantly higher than that of the 
other stubble types. These ob~ervations support George's 
(1952) contention that sparse hayfields are favorable vesper 
sparrow breeding habitats. 
Although it nests in open, xeric habitats, the vesper 
sparrow typically conceals its nest in microsites with 
overhanging vegetation or other physical structure. Nests 
built early in the year may be located in an excavation in 
the ground under a cover of dead weed stems, and nests are 
often built at the base of a grass tussock, some other 
plant, or even a clod of dirt (Berger 1968). Vesper sparrow 
abundance was positively correlated with litter cover in 
corn stubble, but not in soybean stubble. Because corn 
stubble has greater depth or vertical structure, this 
habitat probably provides better vesper sparrow nesting 
cover than soybean stubble. In an area wlth both corn and 
soybean stubbles, Rodenhouse (1981) found that early spring 
nests of the vesper sparrow usually were placed in corn 
stubble, and litter cover had a positive influence on 
nesting habitat suitability. 
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Waste Corn Abundance ~ ~ ~ Density Waste 
corn is a minor food source of the horned lark and vesper 
sparrow (Pickwell 1942, Berger 1968). The killdeer's diet 
is almost solely animal matter (Townsend 1929). The 
abundance of these species was not significantly related to 
waste corn distribution on my study area. The 
nonsignificant positive correlation between killdeer use and 
waste corn abundance is probably an artifact of the 
intercorrelation between this variable and percent litter 
cover. 
The horned lark and vesper sparrow both consume 
considerable amounts of weed seeds during the breeding 
season (Evans 1964, Maher 1979, Wiens and Rotenberry 1979). 
Abundance of the horned lark, vesper sparrow, and the highly 
insectivorous killdeer was not significantly correlated with 
weed seed density. Green (1978) found that the abundance of 
the European skylark (Alauda arvensis) was positively 
correlated with weed seed density during the early breeding 
season on his study area. This is the only report I found 
of such a relationship during this time of the year. 
Agricultural fields generally are believed to produce more 
weed seeds than can be used by wildlife (Bishop and Spinner 
1946), however feeding efficiency may be increased by higher 
densities of this food resource. The lack of significant 
relationships between weed seed density and use by the 
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horned lark and vesper sparrow probably is because of the 
superabundance of this food resource, and competing factors 
such as good nesting cover and the availability of insects 
that are of great importance to nestlings. 
Non-ground-nesters 
Graber and Graber (1963) noted that the majority of 
bird species that use rowcrop fields do not nest in these 
habitats. For these birds, the primary value of rowcrop 
fields probably is for foraging. The red-winged blackbird, 
American robin and red-headed woodpecker were the most 
common non-nesting species using my study fields. The 
brown-headed cowbird, a nest parasite, also was common on 
the study plots. Individuals of this species could be 
searching for host nests in this habitat, and therefore be 
involved in "nesting" activities. 
Waste Corn Abundance Corn is a valuable food item 
for several songbird species, however soybeans receive 
little use (Martin et al. 1951). Consumption of corn by the 
red-winged blackbird and other icterids during late summer 
and fall is a widespread problem (Hintz and Dyer 1970, Mott 
et al. 1972, Stone 1980, Woronecki et al. 1981, Gartshore et 
al. 1982a), and adult red-winged blackbirds frequently eat 
waste corn during the breeding season (Mott et al. 1972, 
McNicol et al. 1979). Tha red-winged blackbird's high use 
of corn stubble fields and strong correlation with waste 
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corn abundance reflect preference for this food resource. 
The red-headed woodpecker (Kilham 1958) and American robin 
(Shantz 1939) consume waste corn when it is available, and 
also used corn stubble at relatively high levels. Both the 
red-winged blackbird and red-headed woodpecker used corn 
stubble at mucr higher levels than alfalfa stubble, however 
the number of alfalfa stubble fields sampled was small. 
Red-winged blackbirds using corn stubble fields were 
primarily males. Mott et al. (1972) found that male red-
winged blackbirds consumed more corn than females during the 
late breeding season, and S. Wilson (1978) observed 
differences in foraging areas and intents by males and 
females of this species. The red-winged blackbird is 
polygamous, and the female is the primary feeder of the 
nestlings. Because of this, female red-winged blackbirds 
must spend much of their time gathering insect foods for 
nestlings. Waste corn is important only as a component of 
the adult diet, and consequently females are less influenced 
by its distribution. 
Weed Seed Density Weed seeds are often a major item 
in the red-winged blackbird's diet (Mott et al. 1972, 
Gartshore et al. 1982b). I found no relationship between 
field use by this species and weed seed density. In work 
done during the late summer, Gartshore et al. (1982a) found 
that weed seed availability had no effect on red-winged 
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blackbird field use. The lack of correlation between red-
winged blackbird use and weed seed density is probably due 
to the availability of highly preferred waste corn (Hintz 
and Dyer 1970). The robin does not typically eat weed seeds 
(Martin et al. 1951), and its use of fields was not 
correlated with weed seed density. 
Weed seeds are the main dietary items of the brown-
headed cowbird, and waste corn is of minor importance (Beal 
1900). Beal (1900) felt that the foraging cowbirds he 
observed were looking primarily for seeds. The cowbird's 
abundance was highly correlated with weed seed density but 
not related to waste corn abundance. The strength of the 
cowbird's relationship with weed seed density was partly 
due to high use of the alfalfa stubble fields, which had 
high weed seed densities (mean = 4930). However, even 
without the hay stubble fields the correlation is 
significant (~ = 0.39, ~ = 0.03). Adults of this species 
are not bound to a nest site, and do not have to spend time 
collecting insect foods for nestlings. Free from these 
typical breeding season constraints, the cowbird's 
distribution appears to be more attuned to the distribution 
of the preferred adult dietary items. 
Hay stubble fields may have been attractive to the 
brown-headed cowbird because of their high weed seed 
densities, however these fields were also heavily utilized 
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by the vesper sparrow, a primary cowbird host (Friedmann 
1963). Graber and Graber (1963) felt that the cowbird was 
most common in areas where the densities of its primary 
hosts were highest. The correlation between cowbird and 
vesper sparrow abundance was significant (Appendix Table 
A.2). 
Percent Litter Cover Abundance of the red-winged 
blackbird and American robin was not significantly 
correlated with percent litter cover. This is not 
surprising because these species do not normally nest on the 
ground in rowcrop habitat. Use by the red-winged blackbird 
and American robin were weakly correlated with percent 
litter cover in corn stubble, however this could be 
attributed to the intercorrelation of percent litter cover 
with waste corn abundance. The lack of positive 
correlations between the abundance of these species and 
percent litter cover in soybean stubble supports this 
conclusion. 
Brown-headed cowbird abundance was not significantly 
correlated with litter cover, but was weakly correlated with 
this variable in corn stubble. This relationship may be due 
to a parallel relationship the vesper sparrow exhibited with 
percent litter in corn stubble. Neither the vesper sparrow 
nor the brown-headed cowbird were related to percent litter 
cover in soybean stubble. 
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Influence of Proximal Non-cultivated Habitats 
In his review of habitat selection, Hilden (1965) 
discusses proximate causes (nest sites, songposts, foraging 
areas, etc.) that have been found to influence bird species 
distributions. Several of these factors may be important in 
explaining relationships I observed between bird species 
abundance and the proximity of alternate habitats. 
Herbaceous Habitats 
In intensively cultivated areas, grassland habitat 
provides nesting sites for several bird species that do not 
normally breed in rowcrop fields. The presence of 
grasslands has also been reported to benefit species that 
typically nest in rowcrop habitat (Klomp 1954, Heppleston 
1972, J. Wilson 1978), as well as birds nesting in a variety 
of other cover types (Graber and Graber 1963, Bendell and 
Weatherhead 1982). One possible reason for these 
relationships is the high insect populations of non-
cultivated habitats such as pasture and hayfields (Shotwell 
1958, Van Emden 1965, J. Wilson 1978) relat1ve to rowcrop. 
Rowcrop fields support meager insect populations, especially 
early in the breeding season (Price 1976, Mayse and Price 
1978). Two primary nestling foods, lepidopteran larvae and 
orthopterans, generally are associated with living 
vegetation which is totally lacking in rowcrop fields in 
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early spring. Bird species nesting in agricultural areas 
often forage for nestling foods in non-cultivated habitat 
(Klomp 1954, Heppleston 1972, J. Wilson 1978, Rodenhouse 
1981, Bendell and Weatherhead 1982). Rodenhouse (1981) 
suggested that the availability of nestling foods on his 
intensively cultivated study area may have been limiting to 
the vesper sparrow. The growth rates of nestlings on his 
area were lower than those recorded by researchers working 
in less disturbed habitats. Klomp (1954), Heppleston 
(1972), and J. Wilson (1978) all felt that the paucity of 
insect foods on rowcrop nesting areas was the reason 
shorebird species fed on, and led their broods to, 
herbaceous habitats. In agricultural regions where a large 
percentage of the land area is devoted to rowcrops, nesting 
near insect-rich habitats such as hayfields or pastures may 
aid adult birds in meeting nestling requirements for animal 
foods. 
The vesper sparrow's positive response to alfalfa hay 
proximity may be related to both nesting and foraging 
requirements. This species nests in a varlety of habitats 
and in my study area it was common on both rowcrop and 
herbaceous plots. On an extensively cUltivated area, 
Rodenhouse (1981) found that although vesper sparrows nested 
in rowcrop fields, foraging was concentrated along the edges 
of non-cultivated habitat. Owens and Myres (1973) found 
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that the vesper sparrow was most common at the borders of 
cultivated fields and grazed native grasslands. Dambach and 
Good (1940) reported that this species was more abundant on 
fields with alternating strips of rowcrop and hayland than 
on fields of either cover type alone. 
Although the killdeer has received little attention, 
considerable research has been done on shorebird species 
nesting in Europe's agricultural habitats. Klomp (1954) 
noted that lapwings nested in small plots of arable land 
surrounded by grassland, but nested only on the perimeter of 
large arable complexes. J. Wilson (1978) found that the 
shorebirds breeding on his study area nested at 3 to 6 times 
the density in areas with a mix of tilled and grassland 
habitats. Shorebird species frequently utilize separate 
feeding and nesting territories (Klomp 1954, Simmons 1956, 
Heppleston 1972, J. Wilson 1978, Lenington 1980, Cairns 
1982). In areas of mixed cultivated and grassland habitats, 
the lapwing and oystercatcher typically nest on tilled 
ground and use herbaceous areas for feeding and brood 
rearing (Klomp 1954, Heppleston 1972, J. W~lson 1978). 
Upland sandpipers (Bartramia longicauda) also have been 
reported to move their broods to short-grass feeding areas 
shortly after hatching (Dorio and Grewe 1979). Killdeer 
abundance on my study area was significantly related to the 
proximity of pasture, which was almost always short from 
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overgrazing, but was only weakly related to the proximity of 
the typically taller alfalfa fields. Pasture may be 
important to the killdeer because of both high insect 
populations and low vegetation. Low vegetation facilitates 
movement, especially for the chicks, and also allows close 
supervision of the preco~ial young. Lenington (1980) felt 
that close supervision of killdeer chicks was needed because 
the risk of chick loss is high. Reports of chick losses by 
other species with precocial young are common (Graul 1975, 
McBride et al. 1969, Parmelee et al. 1968). Proximal 
herbaceous habitats may also serve as escape cover for 
killdeer young. Killdeer broods that Lenington (1980) 
observed usually hid in nearby herbaceous cover when a 
person or predator approached. 
The red-winged blackbird's use of rowcrop fields was 
not significantly related to the proximity of pasture or 
alfalfa fields. However, the correlation between red-winged 
blackbird abundance and the proximity of large herbaceous 
habitats in general (combined herbaceous) approached 
significance (~ = 0.25, ~ = 0.07). Bendell and Weatherhead 
(1982) studied nestling diets of this species in an 
agricultural area and concluded that most of the insect prey 
came from grasses, alfalfa, and clover. Additionally, red-
winged blackbirds often nest in hayfields and pastures 
(Orians 1961, Skinner 1975). The red-winged blackbird used 
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my herbaceous study plots at relatively high levels (Table 
14, and although a few nests were found, the majority of 
these birds must have been foraging. 
The American robin's propensity for foraging on lawns 
and other shortgrass habitats is well known (Eiserer 1980). 
On my study area, the robin:s use of rowcrop was 
significantly correlated with the proximity of alfalfa 
hayfields, and more strongly related to the proximity of 
large herbaceous fields in general (~ = 0.45, P = 0.006). 
The strength of these relationships is surprising in view of 
the robin's wide habitat tolerance (Howell 1942). 
Additionally, for much of the breeding season alfalfa is 
relatively tall and therefore would seem unsuited as 
foraging habitat for this species. However, alfalfa was 
short early in the year and after cuttings, and grazed 
pastures provided persistent short vegetation. The robin 
was moderately abundant on herbaceous plots (Table 4) and it 
must have used these areas for foraging. 
The relationship between the brown-headed cowbird and 
herbaceous fields may be partly a response to the 
distribution of its primary hosts. The cowbird's 
relationship with alfalfa hayfield proximity is marginally 
significant, while there is no relationship with pasture 
proximity. Total potential hosts, including the grasshopper 
sparrow (Ammodramus savannarum), vesper sparrow, dickcissel 
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(Spiza americana), bobolink (Dolichonyzx oryzivorus), red-
winged blackbird, and western meadowlark (Friedmann 1963), 
averaged 4.0 birds/census in alfalfa fields, and only 2.9 
birds/census in pasture. Graber and Graber (1963) felt that 
reductions of pasture and other grassland acreage 
concomitant with intensification of rowcropping was probably 
detrimental to the cowbird because of the importance of 
these habitats as "nesting" and foraging areas. 
Graber and Graber (1963) believed that the horned lark 
is the 1 species most suited to living and breeding in 
cultivated habitats. Wiens and Rotenberry (1979) found that 
the diet niche and individual variation in diet were greater 
for the horned lark than for the other species they studied. 
Both Maher (1979) and Pickwell (1942) reported that horned 
larks sometimes feed nestlings substantial amounts of weed 
seeds. Not surprisingly, use by this species of rowcrop 
fields was not related to the proximity of herbaceous 
habitats. The adaptable nature of the horned lark's diet is 
probably the reason that this species was not attracted to 
the more insect-rich, non-cultivated habitats. 
Wooded Habitats 
A primary territory requirement of the vesper sparrow 
is the presence of elevated songposts (Berger 1968). In 
mixed agricultural-wooded habitats the vesper has often been 
found associated with woodlands bordering field habitat 
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(Sutton 1960, Evans 1964, Berger 1968). In 1982, vesper 
abundance was significantly correlated with the proximity of 
woodlots, however in 1981 this relationship was not evident. 
Although this species probably prefers the higher 
songperches provided by tall trees (Berger 1968), lower 
songperches are satisfact0ry (Wiens 1969, Best 1972, 
Rodenhouse 1981). In extensively cUltivated areas, the lack 
of trees, shrubs, or fences to serve as songposts is 
probably the factor most limiting to vesper occupation 
(Berger 1968). 
In addition to providing elevated songperches, wooded 
areas may also serve as alternative foraging areas for the 
vesper sparrow. Evans (1964) and Wiens (1969) noted that 
vesper sparrows frequently foraged for nestling foods along 
the woodland edge and in brushy areas. 
Hilden (1965) states, lithe characteristics of a 
territory itself do not determine the choice of habitat 
independently of the surrounding landscape." He notes that 
the European skylark avoids small tilled patches, although 
they are of suitable size for a territory, because the 
surrounding forest is too close for this bird that 
traditionally inhabits open areas. The mechanism for this 
relationship is the visually limiting effect that proximal 
woods have on the site (Hilden 1965). The skylark breeds on 
ocean beaches bordered by woods, presumably because the open 
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expanse seaward makes these sites open enough to be suitable 
(Hilden 1965). 
The horned lark is also a bird of open landscapes, and 
the areas in which this species has been studied generally 
are expansive (Dubois 1935, Pickwell 1942, Verbeek 1967, 
~~her 1979). In this study, horned lark use of r0wcrop 
fields increased with increasing distance to woodlots. 
Fields that were bordered by woods on 1 or 2 sides were 
often used as long as the other borders were not bounded by 
tall vertical structure such as woods, wooded fencerows, or 
farmsteads. That site openness rather than actual woodlot 
proximity is the important factor, is reflected by the 
strong correlation between horned lark abundance and the 
visual barrier variable (~= 0.53, ~ = 0.0001). Hilden 
(1965) concludes that "psychic dependence on a 
physiognomically restricted environment is obviously a very 
important factor in habitat selection of birds, which 
prevents them from settling in other areas, even when they 
could thrive in them." 
Management Implications 
Farm management requires continual decision-making, 
beginning with the general type of farming system to 
implement (e.g., intensive cash-grain versus diversified 
systems), followed by specific choices between different 
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crops, tillage, and pest control strategies. The initial 
choice of which agricultural system to use often dictates, 
or at least restricts, the options available at subsequent 
junctures. Each management practice impacts agricultural 
habitat in a measurable and relatively consistent manner. 
As documented by this work, the effects of these practices 
determine the suitability of a field for use by breeding 
nongame birds. Differences in weather patterns, and between 
farm operators concerning such factors as timing and degree 
of practice implementation introduce continual variability 
in habitat effects and thus bird use. 
The choice between intensive cash-grain and more 
diversified agricultural systems has implications for the 
interspersion of rowcrop and non-rowcrop habitats. 
Complexes of tilled and untilled habitats are beneficial to 
several bird species. The killdeer and vesper sparrow may 
nest in rowcrop, but often forage for insects in proximal 
herbaceous habitats. The red-winged blackbird in 
particular, and several other species to a lesser degree 
often nest in herbaceous fields and feed on waste grain and 
weed seeds in adjacent cultivated fields. High use of waste 
grain by breeding nongame birds depends on the availability 
of proximal non-cultivated nesting habitat. 
The effect of crop type on nongame bird use in 
manifested primarily in the crop stubbles that remain in the 
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following year. Because of the value of waste corn as a 
food resource, corn stubble fields are important foraging 
areas for several species. Fields with abundant waste corn 
attract relatively large and diverse bird populations 
including the red-winged blackbird, American robin, red-
headed woodpecker, mourning dove, and common grackle. 
Additonally, corn stubble is usually better nesting habitat 
than soybean stubble for the killdeer and vesper sparrow, 
and other less frequent rowcrop nesters such as the western 
meadowlark and American robin. Alfalfa stubble fields 
occurring under some diversified farming systems may be 
highly favorable vesper sparrow nesting habitat when minimum 
tillage practices, or delays in field operations, result in 
a sparse growth of living vegetation. 
The tillage practices employed are the primary 
determinant of rowcrop field habitat. If tillage is 
complete (moldboard plowed), rowcrop habitats are 
essentially homogeneous, and initial field factors such as 
crop stubble type and waste grain are of no consequence. As 
the degree of tillage increases, the value of rowcrop 
habitat decreases for all species except the horned lark. 
By leaving both cover and food, minimum tillage, and 
especially no-till practices greatly enhance the value of 
rowcrop fields as nesting and foraging habitat. 
The use of herbicides results in lower weed seed 
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densities. Weed seeds are an important food item for 
several nongame species, and especially the brown-headed 
cowbird. Organic farming systems that shun chemical 
herbicides have increased weed seed densities. Under 
reduced tillage systems, the decrease in plowing leaves more 
seeds available on the soil surface, however increased use 
of herbicides lessen the beneficial aspects of these 
practices for wildlife. 
Current trends in agriculture have mixed effects on 
farmland avifauna. The increasing popularity of reduced 
tillage systems is extremely beneficial to most species. 
Conversely, while some small farm operators are turning to 
more diversified cropping practices, the overall trend 
toward larger fields of corn and soybean monocultures 
continues. The resulting decreases in crop diversity and 
land use interspersion negatively affects the vast majority 
of bird species which cannot derive all breeding season 
needs from rowcrop habitat. 
47 
LITERATURE CITED 
Baldassarre, G. A., R. J. Whyte, E. E. Quinlan, and E. G. 
Bolen. 1983. Dynamics and quality of waste corn 
available to postbreeding waterfowl in Texas. Wildl. 
Soc. Bull. 11:25-31. 
Beal, F. E. L. 1900. Food of the bobolink, blackbirds, and 
grackles. U.S. Dep. Agric. Biol. Surv. Bull. 13. 
Bendell, B. E., and P. J. Weatherhead. 1982. Prey 
characteristics of upland-breeding red-winged 
blackbirds, Agelaius phoeniceus. Can. Field-Nat. 
96:265-271. 
Berger, G. M. 1968. Pooecetes gramineus gramineus 
(Gmelin): Eastern Vesper Sparrow. Pages 863-882 in 
o. L. Austin, ed. Life histories of North American-
cardinals, grosbeaks, buntings, towhees, finches, 
sparrows, and allies. U.S. Natl. Mus. Bull. No. 237, 
Part 2. 
Best, L. B. 1972. First year effects of sagebrush control 
on two sparrows. J. Wildl. Manage. 36:534-544. 
Bishop, J. S., and G. P. Spinner. 1946. Quantities of weed 
seeds produced in Connecticut cornfields. J. Wildl. 
Manage. 10:300-303. 
Cairns, W. E. 1982. 
piping plovers. 
Biology and behavior of breeding 
Wilson Bull. 94:531-545. 
Cowan, W. F. 
farms. 
1982. Waterfowl production on zero tillage 
Wi1dl. Soc. Bull. 10:305-308. 
Dambach, C. A., and E. E. Good. 1940. The effect of 
certain land use practices on populations of breeding 
birds in southwestern Ohio. J. Wildl. Manage. 
4:63-77. 
Dorio, J. C., and A. H. Grewe. 1979. Nesting and brood 
rearing habitat of the upland sandpiper. J. Minnesota 
Acad. Sci. 45:8-11. 
Dubois, A. D. 1935. Nests of horned larks and longspurs on 
a Montana prairie. Condor 37:56-72. 
48 
Eiserer, L. A. 1980. Effects of grass length and mowing on 
foraging behavior of the American robin (Turdus 
migratorius). Auk 97:576-580. 
Evans, F. C. 1964. The food of vesper, field, and chipping 
sparrows nesting in an abandoned field in southeastern 
Michigan. Am. MidI. Nat. 72:57-75. 
Friedmann, H. 1963. Host relations of the parasitic 
cowbjrds. u.s. Natl. Mus. Bull. No. 233. 276 pp. 
Gartshore, R. G., R. J. Brooks, F. F. Gilbert, and J. D. 
Somers. 1982a. Census techniques to estimate 
blackbirds in weedy and nonweedy field corn. J. 
Wildl. Manage. 46:429-437. 
Gartshore, R. G., R. J. Brooks, J. D. Somers, and F. F. 
Gilbert. 1982b. Feeding ecology of the red-winged 
blackbird in field corn in Ontario. J. Wildl. Manage. 
46:438-452. 
George, J. L. 1952. The birds on a southern Michigan farm. 
Ph.D. thesis. University of Michigan, Ann Arbor. 
Graber, R. R., and J. W. Graber. 1963. A comparative study 
of bird populations in Illinois, 1906-1909 and 
1956-1958. Illinois Nat. Hist. Surv. Bull. 
28:383-528. 
Graul, W. D. 
plover. 
1975. Breeding biology of the mountain 
Wilson Bull. 87:6-31. 
Green, R. 1978. Factors affecting the diet of farmland 
skylarks, Alauda arvensis. J. Anim. Ecol. 
47:913-928. 
Heppleston, P. B. 1972. The comparative breeding ecology 
of oystercatchers (Haematopus ostralegus L.) in inland 
and coastal habitats. J. Anim. Ecol. 41:23-51. 
Helwig, J. T., and K. A. Council. 1979. SAS User's Guide. 
SAS Institute Inc., Raleigh, N. Carolina. 494 pp. 
Higgins, K. F. 1975. Shorebird and game bird nests in 
North Dakota croplands. Wildl. Soc. Bull. 3:176-179. 
Hilden, o. 1965. Habitat selection in birds: A review. 
Ann. Zool. Fenn. 2:53-75. 
49 
Hintz, J. V., and M. I. Dyer. 1970. Daily rhythm and 
seasonal change in the summer diet of adult red-winged 
blackbirds. J. Wildl. Manage. 34:789-799. 
Howell, J. C. 1942. Notes on the nesting habits of the 
American robin (Turdus migratorius L.). Am. MidI. 
Nat. 28:529-533. 
Jugenheimer, R. W. 1976. 
production and uses. 
670 pp. 
Corn: Improvement, seed 
John Wiley & Sons, New York. 
Kilham, L. 1958. 
woodpeckers. 
Territorial behavior of winter red-headed 
Wilson Bull. 70:347-358. 
Klomp, H. 1954. De terreinkeus van de Kievit, Vanellus 
vanellus (L.). Ardea 42:1-139. 
Korschgen, L. J. 
Missouri. 
1958. Food habits of the mourning dove in 
J. Wildl. Manage. 22:9-16. 
Lenington, S. 1980. Bi-parental care in killdeer: An 
adaptive hypothesis. Wilson Bull. 92:9-19. 
Mace, T. R. 1978. Killdeer breeding densities. Wilson 
Bull. 90:442-443. 
Maher, W. J. 1979. Nestling diets of prairie passerine 
birds at Matador, Saskatchewan, Canada. Ibis 
121:437-452. 
Malone, C. R. 1967. A rapid method for enumeration of 
viable seeds in soil. Weeds 15:381-382. 
Martin, A. C., H. S. Zim, and A. L. Nelson. 1951. American 
wildlife and plants. McGraw-Hill Book Co., New York. 
500 pp. 
Mayse, M. A., and P. W. Price. 1978. Seasonal development 
of soybean arthropod communities in east-central 
Illinois. Agro-Ecosystems 4:387-405. 
McBride, G., L. P. Farer, and F. Foenander. 1969. The 
social organization and behavior of the feral domestic 
fowl. Anim. Behav. Monogr. 2:127-181. 
McCorkle, C. 0., Jr., and J. E. Halver, Co-chairmen. 1982. 
Impacts of emerging agricultural trends on fish and 
wildlife habitat. National Academy Press, Washington, 
D.C. 244 pp. 
50 
McNicol, D. K., R. J. Robertson, and P. J. Weatherhead. 
1979. Seasonal, habitat and sex-specific patterns of 
food utilization by red-winged blackbirds in eastern 
Ontario. Pages 273-290 in Proceedings of the eighth 
bird control seminar. Bowling Green State University. 
Mott, D. F., R. R. West, J. W. De Grazio, and J. L. 
Guarino. 1972. Foods of the red-winged blackbird in 
Brown County, South Dakota. J. Wildl. Manage. 
36:983-987. 
Orians, G. H. 1961. 
social systems. 
The ecology of blackbird (Agelaius) 
Ec01. Monogr. 31:285-312. 
Owens, R. A., and M. T. Myres. 1973. 
agriculture upon populations of 
of an Alberta fescue grassland. 
51:697-713. 
Effects of 
native passerine birds 
Can. J. Zool. 
Parmelee, D. F., D. W. Grenier, and W. D. Graul. 1968. 
Summer schedule and breeding biology of the white-
rumped sandpiper in central Canadian arctic. Wilson 
Bull. 80:5-29. 
Pickwell, G. 1942. Octocoris alpestris praticola 
(Henshaw): Prairie horned lark. Pages 342-360 in A. 
C. Bent, ed. Life histories of North American 
flycatchers, larks, swallows, and their allies. U.S. 
Natl. Mus. Bull. No. 179. 
Price, P. W. 1976. Colonization of crops by arthropods: 
Non-equilibrium communities in soybean fields. 
Environ. Entomol. 5:605-611. 
Rodenhouse, N. L. 1981. Breeding ecology of vesper 
sparrows in corn and soybean fields. M.S. thesis. 
Iowa State University. 69 pp. 
Ryder, R. A. 1980. Effects of grazing on bird habitats. 
Pages 51-66 in R. M. DeGraaf, tech. coord. 
Proceedings of the workshop on management of western 
forests and grasslands for nongame birds. USDA For. 
Ser. Gen. Tech. Rep. Int-86. 
Shantz, W. E. 
robins. 
1939. A detailed study of a family of 
Wilson Bull. 51:157-169. 
Shotwell, R. L. 1958. The grasshopper your sharecropper. 
Univ. Missouri Agric. Exp. Stn. Bull. 714. 16 pp. 
51 
Simmons, K. E. L. 1956. Territory in the little ringed 
plover, Charadrius dubius. Ibis 98:390-397. 
Skinner, R. M. 1975. Grassland use patterns and prairie 
bird populations in Missouri. Pages 171-180 in M. K. 
Wali, ed. Prairie: A multiple view. Univ. of North 
Dakota Press, Grand Forks. 433 pp. 
Sloneker, L. L., and W. C. Moldenhauer. 1977. Measuring 
the amounts of crop residue remaining after tillage. 
J. Soil. Water Cons. 32:231-236. 
Stone, C. P. 1980. Autumn flocking of red-winged 
blackbirds in relation to agricultural variables. Am. 
MidI. Nat. 103:196-199. 
Sutton, G. M. 1960. The nesting fringillids of the Edwin 
S. George Reserve, southeastern Michigan. Jack-Pine 
Warbler 38:46-65. 
Taylor, M. W., C. W. Wolfe, and W. L. Baxter. 1978. Land-
use change and ring-necked pheasants in Nebraska. 
Wildl. Soc. Bull. 6:226-230. 
Townsend, C. W. 1929. Oxyechus vociferus (Linnaeus): 
Killdeer, habits. Pages 202-215 in A. C. Bent, ed. 
Life histories of North American shorebirds. u.S. 
Natl. Mus. Bull. No. 146, Part 2. 
U.S. Department of Agriculture. 1978. Soil survey of 
Warren County, Iowa. U.S. Dep. Agric. Soil Conserv. 
Servo Washington, D.C. 131 pp. 
U.S. Department of Agriculture. 1980. Report and 
recommendations on organic farming. u.S. Dep. Agric., 
Washington, D.C. 94 pp. 
Vance, D. R. 1976. Changes in land use and wildlife 
populations in southeastern Illinois. Wlldl. Soc. 
Bull. 4:11-15. 
Van Emden, H. F. 1965. The role of uncultivated land in 
the biology of crop pests and beneficial insects. 
Sci. Hortic. 17:121-136. 
Verbeek, N. A. M. 1967. Breeding biology and ecology of 
the horned lark in alpine tundra. Wilson Bull. 
79:208-218. 
52 
Wiens, J. A. 1969. An approach to the study of ecological 
relationships among grassland birds. Ornithol. 
Monogr. No.8. 93 pp. 
Wiens, J. A., and J. T. Rotenberry. 1979. Diet niche 
relationships among North American grassland and 
shrubsteppe birds. Oecologia 42:253-292. 
Wilson, J. R. 1978. Agricultural influences on waders 
nesting on the South Uist machair. Bird Study 
25:198-206. 
Wilson, S. W. 1978. Food size, food type, and foraging 
sites of red-winged blackbirds. Wilson Bull. 
90:511-520. 
Woronecki, P. P., R. A. Dolbeer, and R. A. Stehn. 1981. 
Response of blackbirds to Mesurol and Sevin 
applications on sweet corn. J. Wildl. Manage. 
45:693-701. 
53 
ACKNOWLEDGEMENTS 
Financial support for this research was provided by the 
u.S. Fish and Wildlife Service. I would like to express my 
gratitude to Dr. Robert B. Dahlgren, my major professor, for 
his contributions throughout this study. James Sinclair. 
James Matthews, and Conrad Kunz provided indispensable, and 
much appreciated field assistance. As committee members, 
the advice of Dr. Louis B. Best and Dr. Richard Cruse was 
helpful, and is sincerely appreciated. I am indebted to the 
many farm operators of Warren County, Iowa, especially 
Gerald and Pat Weeks, for generously allowing me use of 
their properties. Finally, I wish to extend sincere thanks 
to my fellow graduate students in the Department of Animal 
Ecology for their friendship and support during my stay at 
Iowa State. 
54 
APPENDIX 
TABLE A.l. List of bird species occurring on the rowcrop 
study plots 
Common name 
American Goldfinch 
American Robin 
Blue Jay 
Brown-headed Cowbird 
Brown Thrasher 
Northern Cardinal 
American Crow 
Common Grackle 
Common Nighthawk 
Dickcissel 
Downy Woodpecker 
Eastern Kingbird 
Grasshopper Sparrow 
Horned Lark 
House Sparrow 
Killdeer 
Lark Sparrow 
Loggerhead Shrike 
Mourning Dove 
Northern Flicker 
Red-headed Woodpecker 
Red-winged Blackbird 
Rose-breasted Grosbeak 
Savannah Sparrow 
European Starling 
Vesper Sparrow 
Western meadowlark 
Scientific name 
Carduelis tristis 
Turdus migratorius 
Cyanocitta cristata 
Molothrus ater 
Toxostoma rufum 
Cardinalis cardinalis 
Corvus brachyrhyncos 
Quiscalus guiscula 
Chordeiles minor 
Spiza americana 
Picoides pubescens 
Tyrannus tyrannus 
Ammodramus savannarum 
Eremophila alpestris 
Passer domesticus 
Charadrius vociferus 
Chondestes grammacus 
Lanius ludovicianus 
Zenaida macroura 
Colaptes auratus 
Melanerpes erythrocephalus 
Agelaius phoeniceus 
Pheuticus ludovicianus 
Passerculus sandwichensis 
Sturnus vulgaris 
Pooecetes gramineus 
Sturnella neglecta 
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TABLE A.2. Correlation matrix of bird species relative 
abundance (mean birds/census). Sample size was 
54 fields 
Species 
Horned 
lark (HLK) 
Killdeer 
(KIL) 
Vesper 
sparrow (VES) 
HLK 
Red-winged 
blackbird (RWB) 
American 
robin (AMR) 
Brown-headed 
cowbird (BHe) 
**P < 0.01. 
***p < 0.001. 
KIL VES 
0.06 -0.11 
-0.01 
RWB AMR BHC 
-0.05 -0.02 0.04 
0.35** 0.12 0.23 
0.05 0.22 0.36** 
0.44*** 0.03 
-0.06 
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TABLE A.3. Habitat characteristics potentially related to 
bird species use of rowcrop fields. Values are 
the R2 accounted for by the individual 
characteristics in a multiple regression model 
Habitat 
characteristics 
Crop stubble type 
Percent litter cover 
Waste corn abundance 
Weed seed density 
Proximity to: 
Alfalfa Hay 
Pasture 
Large herbaceous 
Woods 
Visual barriers 
HLK 
(32)2 
0.40 
KIL 
(32) 
0.19 
0.07 
0.12 
Species 1 
VES 
(36) 
0.28 
RWB 
(36) 
AMR 
(36) 
0.42 0.10 
0.09 0.05 
0.11 
BHC 
(36) 
0.06 
0.33 
0.07 
Multiple R2 0.40 0.39 0.48 0.47 0.30 0.46 
lHLK-Horned lark, KIL-Killdeer, VES-Vesper 
sparrow, RWB-Red-winged blackbird, AMR-American robin, 
BHC-Brown-headed cowbird. 
2Numbers of fields sampled. 
